Abstract: Information regarding the cost of a construction project is available to the investor and 10 project participants in order to determine the subsequent success of a project, given that the 11 information they collect has an impact on the decisions they make. Cost calculations, especially in 12 the initial phase of a project, often generate large errors. This paper presents the new approach 
Introduction

31
The collection and storage of information is one of the most important tasks undertaken during 32 a construction project. The impartial information received as project utility evaluation is useful for important factors were: typical floor surface area, number of floors, number of lifts, cubic volume finish. Each analysed design (106 construction projects in Gaza Strip) provided a source of 100 information and included a cost estimate and an actual budget and final reports. It is also possible to 101 find cost estimation models that use hybrid methods in the literature.
interference model for cost estimation and Cheng M-Y., Tsai H-C., Sudjono E. [13] used neural traditional cost estimation formulas and based on the BIM model saved in the IFC format was 115 discussed, among others, by [19] [20] [21] .
116
The aim of the article is to present the method of cost calculation at the initial stage of a 117 construction project intended for the investor, which meets two conditions: it is easy to apply and 118 generates a relatively low calculation error in relation to the costs of bids. For this purpose, the 119 authors have chosen the method of case based reasoning, which is based on the actual case database 120 and, thanks to case similarity measurement, shows not only the cost adopted on the basis of the 121 selected case, but also gives the case similarity value allowing to assess the solution's adjustment.
122
The BIM model was used due to quick and easy of calculating the amount of work, and the ability to 123 store data in an IFC file.
124
CBR and BIM in supporting the estimation of project costs
125
Materials and Like the rest of the EU, Poland is currently facing the prospect of implementing 126 and applying the EU Directive on the application of the BIM concept in public procurement 127 contracts. It should be assumed that public and private investors will soon see the benefits of using 128 the BIM technology in construction projects.
129
The advantage of using the BIM model is the considerable acceleration and automation of the 
135
The accessibility of the information stored in one place in the model and the virtual 136 representation of the planned civil structure in 3D make it possible to thoroughly analyse the 137 individual building elements.
138
Recognising BIM as a dynamically developing technology and appreciating its numerous 139 advantages for the take-off and costing processes, the author adopted the macro BIM model as a 140 basis for the model supporting cost estimation. The macro BIM model is a building information advantage of using the CBR method is that it relies on a database containing historic price data from 149 previously completed projects instead of prices from price bulletins.
of rules and often a complex method of its verification and supplementation. The cost estimation 153 process is characterised by certain dynamics of changes in the environment, understood as all the 154 changes affecting the prices of the construction works. However, the construction market cannot be 155 considered as a fully stable environment. When analysing methods for the construction of intelligent 156 systems, it is clear that the CBR method is best-suited to meet the adopted assumptions, if the 157 assumptions about the environment and the required knowledge are taken into consideration.
158
The CBR method, therefore, fulfils expectations for a simple and fast system supporting the cost 159 estimation process. It does not require a specialist knowledge, so it will be understandable to cost 160 estimation practitioners, which is an additional reason for using this method. 
167
A database is a set of interrelated information that can be stored, for example, in a BIM model.
168
On the other hand, a relational database can create a set of unordered tables that can be used in 169 analysis or report generation by using an operation that returns entire tables in its result [22] . The 
where:
193
Casei {Gi, Si, Di, Ei} -i-th case extracted from the BIM model,
194
Gi -graphical representation of the model elements for the i-th case,
195
Si -solution, i.e. the costs of construction of the elements included in the BIM model,
196
Di -cost estimate situation for the i-th case (time of completion, place),
197
Ei -description of the construction project for the i-th costed case,
198
n -number of old cases in the database. 
235
The information that can be contained in a model saved in accordance with the IFC specification between two variables, with the strength of the relationship being described by a number and the 
263
The next step is the introduction of an appropriately chosen computational mechanism used in 264 the application of the CBR method that is aimed at determining the degree of similarity between the 265 description and the currently analysed new case, using the case-specific explanatory variables found
266
in the IFC-DB database. Thanks to the used algorithms, the system user can obtain both information 
272
The similarity for quantitative variables or ordinal variables determining the amount of construction
273
works to be performed, or the quantities that characterise the civil structure, was measured
274
according to the formula (as per [24] ):
276 wN -value of the explanatory variable for the new case, 277 wj -value of the explanatory variable for the j-th old case,
278
wmax, wmin -minimum and maximum values for all the old cases included in the database.
279
The similarity for qualitative variables determining the amount of construction works to be 280 performed or the quantities that characterise the civil structure was measured according to the 281 formula:
283 n(wN), n(wj) -place in an ordered array of values n(w)=1,2,<, n,
284
M -number of values.
285
If one or both of the variable values are unknown, the similarity value equals zero:
There may also be a situation where there is unclear or inaccurate data. In such a case, it is 
297
ANC -fuzzy number for the new case,
In the presented algorithm, it was decided to separately calculate local similarities using the 301 formulas (2), (3), (4) and (5) above. After analysing the local similarities, i.e. the similarities generated 302 for individual variables, the global similarity should be calculated using the weights assigned to 303 individual variables:
Computational example
341
The 
371
The database DBSF containing 173 construction projects consisting in the construction of sports 
379
The data in the example contained in the database DBSF does not come from the BIM models 380 due to the low availability of such models in practice. The new case analysed in the example was
381
implemented as a BIM model and will be analysed as such, which will simplify the calculation of the 382 needed quantitative data. 12 test cases (10%) were randomly selected from a set of 120 cases for subsequent testing as Table 2 . The values of the local similarities and the global similarities for the cases with the highest 425 similarity to New Case 1 Table 3 shows a brief characteristic of the old cases selected during the calculation of the global 427 similarities and test case 1. Table 4 . 
Variables
Local similarities
Case 7 Case 13 Case 93 Surface area of the fields 0,94 0,94 0,99 Surface area of the access paths 0,97 0,97 0,99 Fence length 0,86 0,79 0,80 Intended use 1,00 1,00 1,00 Pavement type 1,00 1,00 1,00 Material for access paths 1,00 1,00 1,00 Handball 1,00 1,00 1,00 Basketball 1,00 1,00 1,00 Volleyball 1,00 1,00 1,00 Football 1,00 1,00 1,00 Global similarities 0,98 0,98 0,98
428
438
443
price for test case 1 is an arithmetic mean of the unit prices of case 7 and case 93 and equals:
After calculating the price of test case 1, the surface area of the field was calculated from the 
460
At -current actual price, 
